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(57) Abstract: Continuously 
variable transmission (1) for motor 
vehicles, provided with a pdmary 
pulley (2) and a secondary puUey 
(3), aroand which a drive bell (10) 
is arranged, clamped between two 
conical pulley discs (21, 22; 31, 
32) of the respective pulley (2; 
3), a running surface of at least 
one pulley disc (21; 22, 31; 32) 
of the primai-y pulley (2) and the 
secondary pulley (3), by means of 
which running surface this pulley 
disc is in contact with the drive belt 
(10), being provided, as seen in a 
cross section oriented perpendicular 
to a tangential direction, with a 
cur\Titure, so that a pulley angle 
between a tangent on the running 
surface and a radial direction varies 
between a lowest value at the 
k)cation of a radially innermost 
position on the running surfiace 
and a highest value at the location 
of a radially outerniosl position 
on the running surface, in which 
transmission the curvature of the 
running surface of the primary 
pulley (2) and the curvature of the 
running surface of the secondary 
pulley (3) differ from one another. 
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CONTINUOUSLY VARIABLE TRANSMISSION 

The present invention relates to a continuously variable transmission in 
accordance with the preamble of Claim 1 for transmitting mechanical power between 
5 an engine and a load, it being possible for the transmission ratio of the torque level 
and the rotational speed between the pulleys to be varied continuously within a set 
range. Transmissions of this type are generally known and are suitable in particular for 
use in motor vehicles. 

As is known, in the transmission the drive belt Is clamped between two conical 
1 0 pulley discs of the respective pulleys, the ratio of the radial position of the drive belt in 
the primary and secondary pulleys, which is also known as the primary and secondary 
running radii, determining the transmission ratio of the transmission. The size of the 
abovsmentioned running radii can be varied in opposite directions by virtue of the fact 
that one of the pulley discs of each pulley is arranged in such a manner that it can be 
15 moved in the axial direction. In the transmission ratio equal to one, the 
abovementioned running radii of the drive belt are therefore equal to one another, 
while at a transmission ratio of greater than one the primary running radius is greater 
than the secondary mnning radius, and vice versa. 

[t is known, inter alia from EP-A-0291 129, that while the transmission ratio is 
20 being varied, the centre of the drive belt. i.e. a position halfway along the axial distance 
between the pulley discs, shifts in a manner which differs for each pulley. 
Consequently, the drive belt between the pulleys will, in virtually all possible 
transmission ratios, not be oriented perpendicular to the pulley axie. i.e. the axial 
direction, but rather at a small and varying angle with respect thereto. This 
25 phenomenon is referred to as the skew running of the drive belt It is recognized that 
skew running of the drive belt may have adverse effects on the functioning of the 
transmission, for example in terms of increased noise production or uneven wear. As a 
solution to this phenomenon, it is proposed, inter alia in Japanese Patent Application 
63-053352, but also, for example. In JP-2002-031215, for the running surface of at 
30 least one pulley disc of each pulley, i.e. the contact surface of this disc with the drive 
belt, as seen in a cross section oriented perpendicular to the tangential direction, to be 
provided with a cuwature. By suitable selection of the said curvature, it is possible to 
ensure that the drive belt always, l.e. Irrespective of the instantaneous transmission 
ratio of the transmission, advantageously remains oriented substantially perpendicular 
35 to the pulley axles. 
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In some cases, it is also possible to select to partially compensate for the skew 
running by reducing at least the maximum angle of the drive belt with respect to the 
axial direction. Moreover, as well as the compensation for skew running, the literature 
also discloses other phenomena for which the use of running surfaces which are 

5 curved to a presCTibed extent may be advantageous. !n each case, an angle between 
a tangent on the respective contact surface and a radial direction, which angle is 
referred to here as the pulley angle, runs from a lowest value at the location of a 
radially innermost position on the contact surface to a highest value at the location of a 
radially outermost position on the contact surface. 

10 Although the known transmission fundamentally functions correctly, according to 

the invention it is still worttiy of improvement, in particular, the invention relates to a 
reduction in the mechanical load on the drive belt during operation of the transmission, 
in such a manner that its service life and/or maximum load-bearing capacity is 
improved. 

16 To this end, the transmission according to the invention is characterized in 

accordance with Claim 1. Surprisingly, in a transmission of this type, the forces which 
occur between drive belt and pulleys during operation of the transmission are taken 
into account. The invention is based on the principle that an axially oriented clamping 
force exerted on the drive belt by the pulley discs for the purpose of torque 
20 transmission exerts a radially oriented force component on the drive belt on account of 
the pulley angle between the puliey disc and drive belt. On account of the fact that this 
force component is exerted on the two pulleys, the radial position or running radius of 
the drive belt can remain constant, but at the expense of a tensile force in the drive 
belt. This tensile force applies a mechanical load to the drive belt, which is in principle 
25 undesirable, since this load makes little or no contribution to the transmission of torque 
between the pulleys. The abovementloned force component and the tensile force in 
the drive belt resulting therefrom increase as the pulley angle becomes greater. In 
view of this aspect, it may therefore be deemed advantageous to use the smallest 
possible pulley angle. 

30 However, a small pulley angle has the significant drawback that in the event of a 

given defonnation of the pulley discs, also known as the expansion of the pulley discs, 
as occurs during operation under the influence of the clamping force, the drive belt 
coils inward to some extent in the radial direction belween the puliey discs, away from 
the ideal arcuate path contour. The extent to which this effect occurs is referred to as 

35 the radial sag of the drive belt. When this occurs, parts of the drive belt slip with 
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respect to the pulley discs, such that the efficiency of the transmission is adversely 
affected, which is furxdamentally undesirable. Geometric considerations mean that the 
abovementioned radial sag and the resulting loss of efficiency increase as the pulley 
angle becomes smaller, as the running radius of the drive belt becomes greater or as 
5 the clamping force increases. In view of tiiis aspect, it may therefore be deemed 
advantageous to use the largest possible pulley angle, certainly at a relatively high 
running radius. 

The invention combines tine abovementioned fundannentaily confradictory effects 
in a surprising way, such that the service life and/or robustness of the Icnown 
10 transmission is enhanced while its efficiency is not or is scarcely adversely affected. 
To this end, the invention is partly based on the characteristic feature which arises as 
a result of the transmission being used In motor vehicles, whereby, during operation, in 
the lowest transmission ratio - as defined in accordance with the present invention - it 
is subject to a relatively heavy but brief load, whereas in the highest transmission ratio 
15 it Is subject to a less heavy load but for a prolonged period of time. The lowest 
transmission ratio is used when a load, i.e. the motor vehicle, is being accelerated, for 
example from a stationary position, while the highest transmission ratio Is used, for 
example, after the load has reached a desired, more or less constant speed. 

According to the invention, therefore, it can be concluded that it is advantageous 
20 if, in the lowest transmission ratio, contact between the pulleys and the drive belt, both 
on the primary pulley and on the secondary pulley, takes place at relatively low pulley 
angles, in order to minimize the abovementioned tensile force, and if, in the highest 
transmission ratio, the opposite applies, in order to minimize the abovementioned 
radial sag. Although the abovementioned curvature of the running surface of the 
25 primary pulley does comply with an advantageous profile of the pulley angle of this 
nature, according to the invention this is not the case for the secondary pulley. 
According to the invention, it is advantageous if the highest value for the pulley angle 
of the secondary pulley is lower than that of the primary pulley. After all, it is this pulley 
angle which determines the contact between the drive belt and the secondary pulley in 
30 the lowest transmission ratio, in which the tensile force effect prevails over the radial 
sag effect. 

In order to leave the range in whidi the pulley angle of the secondary pulley 
varies, i.e. the difference between the highest and lowest values for this angle, 
unchanged, th© lowest value for the puHey angle, at a small running radius, should be 
35 correspondingly lower. The expectation could be that this would have a 
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correspondingly adverse effect on the efTiciency of the transmission in tiie higfiest 
transmission ratio. According to the inventiori, however, a disadvantageous effect of 
this nature does not occur or scarcely occurs, since, as has already been noted, the 
radial sag decreases proportionaliy to the decreasing running radius, in an initial 
5 approximation even to the power of three. Near to the smallest running radius. 
Uierefore, little or no radial sag occure. 

Nevertheless, according to the invention in a preferred embodiment of the 
transmission it may be advantageous for the lowest value of the pulley angle of the 
secondary pulley not to be con-espondingly lower, so that the range of the pulley angle 
10 for the secondary pulley is smaller than the range for the primary pulley. This is 
because a lower limit for the value of the pulley angle is generally necessary in order 
to realize a radially oriented clamping force component of sufficient magnitude to 
enable the fnction between pulley and drive belt in the radial direction to be overcome, 
so that the transmission ratio of the transmission can be varied. In addition, in the case 
15 of a drive belt designed as what is known as a push belt with at least one continuous 
flexible ring, over the periphery of which a series of transverse elements, which can 
move freely over the ring at least in its longitudinal direction, is arranged, sufficient 
tensile force has to be realized in the ring to enable the torque supplied to be 
transmitted between the pulleys by means of pushing forces between the transverse 
20 elements. This aspect is described in European Patent Publication EP-A 0 931 959. in 
a particular embodiment of the transmission, the lowest value for the pulley angle of 
both pulleys is equal, for the above reasons. 

To maintain the effect which it is desired to achieve with a curvature of the 
contact surface in accordance with the prior art, in which the primary and secondary 
25 curvature are equal, despite the narrower range of the pulley angle of the secondary 
pulley, in practice it will often be desirable to increase the range of the pulley angle of 
the primary pulley accordingly, for example by reducing its lowest value or increasing 
its highest value. In the former case, according to the invention the efficiency of the 
transmission wiii not or will scarcely be adversely affected, since, as has already been 
30 indicated above, the discs will scarcely expand in the vicinity of the lowest mnning 
radius. In the latter case, according to the invention it is even possible to expect an 
improved action of the transmission, since the radial sag advantageously decreases in 
the highest transmission ratio. 

The invention Is explained In more detail below with reference to the figures and 
35 the exemplary embodiments illustrated therein. 
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Figure 1 shows a diagrammatic cross section through a continuously variable 

transmission of the knovm type. 

Figure 2 shows a pulley disc of the known Iransmisslon, and In particular its 

contact surface, in detail. 
5 Figure 3 shows a simplified side view of the transmission shown in Figure 1 . 

Figure 4 shows a graph plotting the pulley angle as a function of the running 
radius of the drive belt for a primary pulley and a secondary pulley in accordance with 
the prior art. 

Figure 5 shows a graph corresponding to Figure 4 in which the pulley angles are 

1 0 determined In accordance with a possible embodiment of the invention . 

Figure 1 diagrammatically depicts a cross section through the known 
continuously variable transmission 1. The transmission 1 comprises a primary pulley 2 
which can be driven by an engine (not shown) and a secondary pulley 3 which drives a 
load (not shown), both of which pulleys are provided with a pulley disc 21. 31 which is 

15 fixed to the respecUve pulley axle 20, 30 and with a pulley disc 22, 32 which can be 
displaced in the axial direction with respect to the said axle 20, 30. A drive belt 10 is 
clamped between the pulley discs 21, 22. 31, 32, so that mechanical power can be 
transmitted between the two axles 20 and 30 with the aid of friction. The transmission 
ratio of the transmission 1 is in this case determined by the ratio of a primary running 

20 radius Rp and a secondary running radius Rs of the drive belt 10, i.e. its effective radial 
position between the pulley discs 21. 22, 31, 32 of the respective pulleys 10 and 20. 
The njnning radii Rp and Rs and therefore the transmission ratio Rp/Rs of the 
transmission 1 can be varied by causing the displaceabte discs 22, 32 to move in 
opposite axial directions along the respective pulley axles 20, 30. In the figure, the 

25 transmission 1 is Illustrated by way of example with a high transmission ratio, i.e. with 
a relatively large primary mnning radius Rp and a relatively small secondary running 
radius Rs. 

Figure 2 shows a more detailed illustration of an arbitrary pulley disc 43 on the 
basis of a cross section seen in the tangential direction. The running surface 40 or 
30 contact surface 40 of the pulley disc 43 is provided with a curvature, with a pulley 
angle a, defined between a tangent 41 at a point R on the contact surface 40 and a 
radial direction 42, increasing as seen in this radial direction. 

Figure 3 shows a side view of the known transmission 1, with the primary pulley 
2 with the primary axle 20 on the left-hand side of the figure and the secondary pulley 
35 3 with the secondary axle 30 on the right-hand side of the figure. The lines L, M and H 
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6 

indicate the position of tiie drive belt 10 in three transmission ratios of tiie 
transmission. The dashed line L indicates the lowest transmission ratio, in which the 
transmission 1, during normal operation, is subject to a relatively short but heavy load, 
for example when the load, i.e. the motor vehicle, is being accelerated from a 
5 stationary position. The dot-dashed line H indicates the highest transmission ratio, in 
which the transmission 1. during normal operation, is subject to a relatively prolonged 
less heavy load, for example after the motor vehicle has reached a desired speed. The 
dot-dashed line M indicates, as an additional example, the transmission ratio equal 
to 1, in which the primary running radius Rr is equal to the secondary running radius 
1 0 Rs and the primary axle 20 and the secondary axle 30 have the same rotational speed. 

Figure 4 shows a graph which plots the pulley angle a -defined in accordance 
with Figure 2 - of the primary pulley 2 and of the secondary pulley 3 in relation to the 
respective mnning radius Rp, Rs of the drive belt 10. In this example, the pulley angles 
in relation to the running radius a(Rp), a(Rs) are given by the known requirement that 
15 the drive belt 10. in all possible transmission ratios Rp/Rs be oriented substantially 
perpendicular to the pulley axles 20 and 30. For both pulleys 2, 3 the pulley angle a 
varies between appro>dmately 7.5° and 10.8°. 

Figure 5 illustrates a similar graph, plotting the pulley angles in relation to the 
respective running radius a(Rp), a(Rs), but in accordance with a possible embodiment 
20 of the invention. According to the invention, the highest value for the pulley angle of 
the secondary pulley (±8.8°) is advantageously smaller than that of the primary pulley 
(±11°), while the respective lowest values therefor (±7°) approximately correspond to 
one another. Compared to the graph shown in Figure 4, in the transmission according 
to the invention the range for the pulley angle a for the secondary pulley 3 has become 
25 smaller. Nevertheless, the transmission according to the invention can also 
substantially comply with the requirement given above. 

In addition to what has been described above, the invention also relates to all the 
details shown In the figures, at least to the extent that they are directly and 
unambiguously recognizable to a person skilled in the art, and to the features 
30 described in the set of claims which follows. 
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CLAIMS 

1. Continuously variable transmission (1) for motor vehicies. provided witli a 
primary puliey (2) and a secondary pulley (3). around which a drive belt (10) is 

5 arranged, clamped between two conical pulley discs (21 , 22; 31 , 32) of the respective 
pulley (2; 3), a running surface (40) of at least one pulley disc (44) of the primary pulley 
(2) and the secondary pulley (3), by means of which running surface this pulley disc is 
in contact with the drive belt (10), being provided, as seen in a cross section oriented 
perpendicular to a tangential direction, with a curvature, so that a pulley angle (a) 

10 between a tangent (41) on the running surface (40) and a radial direction (42) varies 
between a lowest value at the location of a radially innermost position on tiie mnning 
surface (40) and a highest value at the location of a radially outemnost position on the 
running surface (40). characterized in that the curvature of the running surface (40) of 
the primary pulley (2) and the curvature of the running surface (40) of the secondary 

1 5 pulley (3) differ from one another. 

2. Transmission (1 ) according to Claim 1 , characterized in that the highest value for 
the pulley angle (a) of the secondary pulley (3) is lower than the highest value for the 
pulley angle (a) of the primary pulley (2). 

20 

3. Transmission (1) according to Claim 1 or 2. characterized in that a range 
between the highest value and the lowest value for the pulley angle (a) of the 
secondary pulley (3) is smaller than a corresponding range of the pulley angle (a) of 
the primary pulley (2). 

4. Transmission (1) according to Claim 1. 2 or 3, characterized in that the lowest 
value for the pulley angle (a) of the secondary puliey (3) is equal to the lowest value 
for the pulley angle (a) of the primary pulley (2). 

30 5. Motor vehicle having an engine and a load which is to be driven, between which 
a transmission (1) according to one of the preceding claims is incorporated, a power 
which is to be generated by the engine being transmitted by the drive belt (10) from the 
primary pulley (2) to the secondary pulley (3) and being released to the load by the 
secondary pulley (3). 



25 
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